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Identifying genes that influence phenotypic variation
within species has proven to be more difficult than
expected. A recent study has achieved exceptional
success in yeast, and demonstrates how complex
genetic architecture can be.
Traits of medical, agricultural or evolutionary signif-
icance, such as body weight, generally show continu-
ous variation, rather than having discrete states, as in
the case of blood types. Such quantitative variation is
typically determined by both environmental and genetic
factors, and the search for the genes involved has
become a rapidly developing area of research [1]. In
the past decade, there has been great progress in
identifying chromosomal regions that influence quan-
titative variation in a variety of traits. However, such
regions — known as quantitative trait loci, or QTL —
typically contain up to hundreds of genes, and it has
proven extremely difficult to refine their position to
sufficiently high resolution in order to identify the mol-
ecular basis of their effect. As a result, relatively few
studies have conclusively identified the genes under-
lying QTL [2]. A recent study using the budding yeast
Saccharomyces cerevisiae [3] has demonstrated a
new technique capable of identifying genes underly-
ing QTL, and the results serve as a warning of the
complexity that may await others.
The basic principles of QTL mapping are quite
simple (see [2,4] for reviews) and involve examining
the associations between molecular markers, such as
microsatellites or restriction fragment length polymor-
phisms (RFLPs), and the values for phenotypic traits;
the closer a marker is to a QTL, the greater the expected
level of association. Mapping relies on recombination
— the natural crossing over between the two copies of
each chromosome that may occur during meiosis —
to break down linkage between QTL and markers that
are on the same chromosome. Thus, the resolution of
a ‘conventional’ QTL mapping study depends to a
large extent on the number of recombination events,
which in turn depends on sample size [5]. Some
studies have pursued this approach on a sufficiently
large scale to refine the location of QTL to the level of
individual genes, but this has required sample sizes in
the thousands [6].
As an alternative to conventional QTL mapping,
Pasyukova et al. [7] used deficiency complementation
to fine-map QTL in Drosophila melanogaster. Previous
work had identified longevity QTL with alleles differing
between two lines (Oregon and 2b). To refine the position
of these QTL, the two lines were crossed to a series of
deficiency stocks — strains missing a section of chro-
mosome, the physical limits of which are known (see
Figure 1A). The deficiency stocks that were used had
overlapping deletions that covered the regions previ-
ously identified as containing QTL. The logic behind
this approach is that if a QTL is located on the section
of chromosome that is missing in the deficiency strain,
then the difference in longevity between the Oregon/defi-
ciency and the 2b/deficiency genotypes will be greater
than that between Oregon/intact-chromosome and
2b/intact-chromosome genotypes (one can think of an
intact chromosome from a third strain diluting the
effect of the QTL) [8]. This method identified a number
of deficiency stocks with deletions that included the
QTL, and the deleted regions that these stocks had in
common provided refined positions of the QTL.
Although this study [7] divided four previously identi-
fied QTL into a minimum of 11 QTL and ruled out a
number of potential candidates, the refined regions
were still too large to allow the identification of the
underlying genes.
In their recent study, Steinmetz et al. [3] used a
conceptually similar, but more precise, approach to
identify yeast genes involved in high-temperature growth
(Htg), a trait that is correlated with virulence. They ini-
tially identified a QTL affecting this trait that differed
between two strains (Htg+, Htg–) using more-or-less
standard methods of linkage, and positioned the QTL
to a region of 32 kilobases containing 15 genes. This
resolution was possible because of the high rate of
recombination per base pair in yeast in this genomic
region and would be an extremely small interval by
QTL mapping standards in higher organisms.
To identify which of the 15 genes had a phenotypic
effect on high-temperature growth, Steinmetz et al. [3]
developed a technique named reciprocal-hemizygos-
ity analysis, which is like deficiency mapping except
that the deleted regions are determined by the inves-
tigators, rather than selected from available stocks
(see Figure 1B). All of the deletions are made in the
same genetic background — so the rest of the genes
are identical — which facilitates comparisons between
deletions and the intact strains, and reduces the
potential complications due to interactions between
genes (epistasis). These features circumvent a number
of the limitations of deficiency mapping described by
Pasyukova et al. [7].
For each gene, Steinmetz et al. [3] created a pair of
hybrid diploids of the two strains (Htg+/Htg–), in which
one member had one allele of the gene deleted, and the
other member had the other allele deleted. Thus, in pair
A, one strain had the Htg+ allele of gene A deleted,
while the other strain had the Htg– allele deleted, with
the rest of the genome identical to the hybrid. Because
the two strains of a pair differed only in the allele of one
gene, differences in growth between the strains impli-
cated the deleted gene in the phenotypic effect.
Dispatch
Current Biology, Vol. 12, R415–R416, June 25, 2002, ©2002 Elsevier Science Ltd. All rights reserved. PII S0960-9822(02)00911-9
Institute of Cell, Animal and Population Biology, University of
Edinburgh, Ashworth Laboratories, King’s Buildings, West
Mains Road, Edinburgh, EH9 3JT, UK.
This approach identified three genes within the QTL
region with an effect on high-temperature growth. In
two cases, cells carrying the allele from the Htg+ strain
showed higher growth at 40–41ºC than those carrying
the Htg– allele, as expected. Surprisingly, in the third
case, the allele from the Htg– strain was associated
with greater growth. Steinmetz et al. [3] also investi-
gated the role of these genes in the observed hetero-
sis whereby the intact hybrid exhibited greater growth
than either the Htg+ or Htg– parental strains. This was
achieved by comparing the growth of the hemizygous
strains — where one allele was deleted — with the intact
hybrid and the Htg+ strain. In no case did removing a
single gene completely eliminate the growth advan-
tage of the hybrid over the Htg+ strain. Thus, none of
the genes was sufficient in isolation to explain the
observed hybrid vigour.
This study serves as a warning for other QTL mapping
projects: what are originally identified as single QTL
may actually be the result of multiple, closely linked
genes. Furthermore, lines with a ‘high’ phenotype may
contain ‘low’ alleles and vice versa; such ‘transgres-
sive’ QTLs are found not infrequently in QTL mapping
studies. Close linkage between a high allele at one locus
and a low allele at another within a line, as observed
by Steinmetz et al. [3], would make these QTL virtually
impossible to detect using standard linkage methods.
The complexity of this system should not be over-
stated, however. The authors’ claim [3] that the three
genes “are neither necessary nor sufficient in isola-
tion” should be qualified: while none of the genes’
effects were sufficient to explain the observed hetero-
sis, each of the three genes identified did have an
effect on high-temperature growth in isolation. If the
hemizygote is representative of the homozygote phe-
notype — as some of the results indicate — then these
QTL do have additive effects.
Another interesting lesson from this new study [3] is
that there were no substantial differences between
Htg+ and Htg– strains in mRNA levels for the genes
that were identified as contributing to the phenotypic
effect — the differences in phenotype were apparently
due to changes in protein function rather than transcrip-
tion. This observation calls into question how useful
microarray analyses will be for screening potential
candidate genes.
It is not clear how widespread the use of reciprocal-
hemizygosity analysis will become in other model organ-
isms. Targeted deletions are much more techni-cally
demanding in mammals, and have become possible in
Drosophila only recently [9]. Furthermore, it will be first
necessary to refine QTL to regions containing a man-
ageable number of genes; this will require approaches
already in use [4,5] to be performed on an extremely
large scale. In systems where reciprocal-hemizygosity
analysis is tractable, however, it will provide enormous
power to identify the genes underlying QTL. There is
also the potential to take this technique a step further
by deleting more than one gene at a time to investi-
gate interactions between genes.
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Figure 1. Identifying genes that contribute to QTL.
Schematic diagrams of (A) deficiency mapping and (B) recipro-
cal-hemizygosity analysis. The vertical bars represent chromo-
somes; two bars represent a diploid strain. With each method,
the illustrated procedure is repeated for a series of deficiencies
or deleted genes.
A  Deficiency mapping
Two strains differing for a
QTL are each crossed to... a deficiency stock in which one
chromosome has a deletion.
Is the difference in phenotype
within this pair greater than...
Yes? The deficiency contains the QTL.
B  Reciprocal-hemizygosity analysis
Gene on one
chromosome
is deleted
Hemizygous strains are
crossed to intact strains
of the opposite kind
Is there a difference in
phenotype within this pair?
Yes? The deleted gene is
part of the QTL.
the difference within
this pair?
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